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Numerical ssmulations of mechanical characteristics of
coar se grained soil with different aspect ratios of tri-axial test
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Abstract: The influences of mechanical characteristics and particle breakage with different aspect ratios were analysed
based on DEM software PFC3D, and cluster element considering of particle breakage was developed. Meanwhile, the
aspect ratio suitables to coarse grained soil was discussed by means of strength and deformation parameter. The results
show that the smaller the aspect ratio, the bigger the friction angle, and that the bigger the pressure, the smaller the
friction angle as a result of particle breakage. The minimum aspect ratio that satisfies Mohr-Coulomb criterion decreases
with the increase of pressure, but each of them is larger than existing laboratory test aspect ratio. The peak strength
decreases with the increase of aspect ratio, and so does relative error of the peak strength. The relationship between
secant modulus and aspect ratio shows that the differences of secant modulus vary from aspect ratio to aspect ratio, and
that there exists significant difference between the minimum aspect ratio and existing one. So, for the coarse grained soil,
the aspect ratio should be larger than 2.5.
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Fig. 2 Numerical sample considering particle breakage
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Tablel Number of particlesand contact of different
aspect ratios

10 15 20 25 30 35
6437 9656 12875 16094 19313 22532
2388 3516 5079 5898 7104 8420
6048 9073 10571 15052 17912 20952
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Table2 Micro parameters of particle
kn/kPa ki/kPa  FU(N-m?Y)  FI(N-m?Y  f
6.0<10° 3.0%10°  15%10° 15%<10? 15

(0,-03)/MPa

6 B 2,/%

1— 800 kPa 2— 500 kPa
3— 200 kPa 4— 800 kPa
5— 500 kPa 6— 200 kPa
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Fig. 4 Stressand strain curves of triaxial compression tests
and numerical simulations
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Table3 Macro parameters of triaxial compression tests and

numerical simulations

Eso/ (o1—03)d/ ol Eso/ (o103}l o

4 OO00OODOobOoobooo

kPa MPa kPa °) MPa kPa °)
200 53.3 1062 58.8 1116
500 69.3 2042 384 83.2 2127 375
800 90.9 3034 102.8 2991
4
3 _
5%
2
45°+¢/2
1
- 5
gy
22N}
73
<
45°+ /2

5 0booooood
Fig.5 Sketch map of the minimum aspect ratio

Table4 Friction angles of different schemes ®)

200 kPa 500 kPa 800kPa 1200 kPa
1 50.78 45.24 42.14 38.43
2 48.61 43.45 41.03 37.75
3 47.40 42.86 40.60 37.26
4 47.26 42.25 40.49 37.22
5 46.98 42.15 40.40 37.19
6 46.88 42.09 40.36 37.04

5 000000000-00000000000
Table5 Aspect ratios suit for Mohr—Coulomb criterion of

different confining pressures

200 kPa 500 kPa 800kPa 1200 kPa

1 2.81 243 2.25 2.07
2 2.65 2.32 2.20 2.04
3 2.57 2.29 2.17 2.02
4 2.56 2.26 217 2.02
5 2.54 2.25 2.16 2.01
6 253 2.25 2.16 2.01
4
1.0 15
4~6
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Table6 Peak strength of different schemes kPa
4 200kPa 500kPa 800kPa 1 200kPa
26 23 22 21 - 1 13755 24486 32623 39425
2 12016 22019 30570 3789.0
3 11155 21272 29808 36823
7 4 11061 20516 29622 3673.2
- 5 10874 20405 29471 3668.3
1-6 - 6 10812 20331 29395 36348
6 e 7 11024 20818 29734 36805
1% 214 16.9 9.9 7.8
e:[(0'1 - Gs)max - (61 - O-S)min] (01 — 03) max
10 15 6
- 4
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25 800 kPa 3
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Fig. 6 Stressand strain curves of different schemes
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Table7 Relative error of peak strength among g sof R * . . . .
scheme 7 and other schemes % S . "
200 kPa 500 kPa 800 kPa 1200 kPa g@ or . B . .
1 10.86 14.98 8.86 6.65 S0 . fﬂz%oﬂd’a:
2 8.26 5.45 2.74 2.86 20k : 288
3 1.18 213 0.25 0.05 * 1200
4 0.34 1.47 0.38 0.20 %5 10 15 20 25 30 35 40
5 1.38 2.03 0.89 0.33 SR
6 19 240 115 126 7 00000DOO0O0DOO0O0DDOOoOoooo
Fig. 7 Relationships between secant modulus and aspect ratio
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Table8 Reative error of secant modulus among
2.2 scheme 7 and other schemes %
6 200 kPa 500 kPa 800kPa  1200kPa
1 26.36 18.79 13.75 4.08
2 11.85 8.49 4.87 116
3 3.98 134 0.87 0.51
4 0.28 0.39 0.56 0.32
Eso 5 142 1.89 128 0.81
6 161 0.19 1.96 112
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